Sex estimation of os coxae using DSP2 software:A validation study of a Greek sample by Kranioti, Elena et al.
  
 
 
 
Edinburgh Research Explorer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sex estimation of os coxae using DSP2 software
Citation for published version:
Kranioti, E, Šovíková, L, Karell, M & Jaroslav Bržek, J 2019, 'Sex estimation of os coxae using DSP2
software: A validation study of a Greek sample', Forensic Science International.
https://doi.org/10.1016/j.forsciint.2019.02.011
Digital Object Identifier (DOI):
10.1016/j.forsciint.2019.02.011
Link:
Link to publication record in Edinburgh Research Explorer
Document Version:
Peer reviewed version
Published In:
Forensic Science International
General rights
Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.
Take down policy
The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.
Download date: 11. May. 2020
Page 1 of 12 
 
Title: Sex estimation of os coxae using DSP2 software: a validation study of a 
Greek sample 
 
Elena F. Kranioti1,2, Lada Šťovíčková3, Mara Karell2, Jaroslav Brůžek3,4 
 
 
1Department of Forensic Sciences, University of Crete, Medical School, Heraklion, Greece 
2Edinburgh Unit for Forensic Anthropology, School of History, Classics and Archaeology, 
University of Edinburgh, 4 Teviot Place, EH8 9AG, Edinburgh, UK 
3Department of Anthropology and Human Genetics, Faculty of Science, Charles 
University, Vini9cná 7, Prague 128 43, Czech Republic, 
4UMR 5199 PACEA, University of Bordeaux, CNRS, Pessac, France 
 
Author of correspondence and reprint requests 
Elena F. Kranioti, MD, PhD 
Edinburgh Unit for Forensic Anthropology,  
School of History, Classics and Archaeology,  
University of Edinburgh, 4 Teviot Place,  
EH8 9AG, Edinburgh, UK 
Tel. +44 (0) 131 6502368 
 
 
 
 
 
  
Page 2 of 12 
 
Abstract 
 
Sex estimation methods based on skeletal remains vary on the selection of skeletal 
element, data acquisition and statistical approach resulting in variable classification 
accuracies that are highly dependent on the sample population. The only exception of 
this rule seems is the os coxa that appears to differ consistently between males and 
females across the globe. Currently sex based on the os coxa can be easily by estimated 
taking ten measurements, input these in the DPS2 software and get a sex estimate and 
the probability of correct group assessment. The performance of the software is highly 
reliable as confirmed by a validation study by Brůžek and colleagues (2017). Yet, there 
are still many populations not represented in the reference sample used to develop the 
software. The current study aimed to validate DPS2 using a sample from Crete, Greece. 
A total of 133 os coxae were measured following instructions on DSP2. Data were used 
to estimate sex with the software and to create population specific formulae for the 
Greeks. DSP2 classified 117/133 (85.7%) of the sample with over 95% posterior 
probability (PP) of correct classification. Of the individuals classified with over 95% PP, 
only 3 were misclassified (2.6%).The best population specific formula only improved 
this percentage by 2.1% which indicates that DSP2 is a reliable tool for sex estimation in 
the Greek sample and it is recommended as method of choice in sex estimation of 
remains of unknown ancestry. If Greek ancestry is confirmed, population-specific 
formulae can be used in conjunction with DSP2 for a more reliable sex estimation. 
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Introduction 
Forensic Anthropology methods for estimating the biological profile of 
unidentified remains are increasing during the last decades focusing on different 
anatomical elements, different populations and various statistical procedures which are 
heavily scrutinised to fulfil the expectations of the court. Amongst the basic biological 
features sex is the most studied with several methods marking high accuracies [1–3]. 
Scholars agree that most osteometric methods are population specific [4–6] with the 
exception of the pelvis [1,7]. Female pelvis is constructed to facilitate both bipedalism 
and parturition, thus the shape is notably different compared to the male pelvis. The 
two selective forces in the female are somehow contradictory creating the so called 
obstetrical dilemma [8]: locomotion restricts the size of the birth canal which is 
expected to be large enough to accommodate an encephalized neonate. A recent study 
supports that human variation of the birth canal is geographically structured which is 
attributed by the authors to neutral evolution through genetic drift and differential 
migration [9]. The os coxae can be seen as an integrated unit consisting of two basic 
modules: a sacro-iliac module and an ischio-pubic module. Modularity helps to 
understand the evolution and plasticity of organismal form [10] and, consequently, the 
sexual dimorphism and its variation. 
Page 3 of 12 
 
Shape and size differences between male and female pelvis, however, have long 
been noted and used for sex estimation in complete or portions of the os coxae [11,12]. 
The suggested lack of population specificity of the pelvis led researchers to develop a 
software (DSP2) that can predict sex based on measurements of the pelvis from over 
2000 individuals and can give probabilities of correct group assessment [1]. The 
software, based on Discriminant Function Analysis (DFA) was validated with a large 
sample of 623 individuals from United States and Switzerland and resulted in 
classifying up to 90% of the sample with over 95% probability of correct classification.  
The DSP method has been validated in other dry bones samples of known age and sex 
(for example in a Mexican [13], a Belgian [14], a French [15] and a Brasilian sample [16]. 
The DSP method has also been validated in 3D models of os coxae obtained from CT scans 
in living French population [17] and on 3D CT scans from modern Danish population [18]. 
Yet, both the reference and the validation sample are missing numerous populations 
around the world which have to be tested before the method is used for forensic 
applications.  
This paper aims to test the DSP2 software in a contemporary sample from Crete, 
Greece and thus confirm or reject the hypothesis of non-population specificity for pelvis 
as sex indicator. The results of the study will define the suitability of the DSP2 method 
for sex estimation in modern Greeks. 
 
Material and Methods 
Sample 
A total of 133 os coxae (68 males and 65 females) from the Cretan collection [3,19]were 
used in this study. The left os coxa was used for consistency.  
 
Data acquisition 
The following measurements were taken by a single moderate experienced observer (LS) 
using standard osteometric equipment were used following Bruzek et al. [1]. 
 
Measurements 
PUM (M14)‐ Acetabulo‐symphyseal pubic length[20] 
SPU‐ Cotylo‐ pubic width[21]  
DCOX (M1)‐ coxal length [20] 
IIMT (M15.1)‐ Greater sciatic notch height [20] 
ISMM‐ Ischium post‐acetabular length [22] 
SCOX (M12)‐ Iliac or coxal breadth [20] 
SS‐ Spino‐sciatic length [21] 
SA‐ Spino‐auricular length [21] 
SIS (M14.1)‐ Cotylo‐sciatic breadth [20] 
VEAC (M22)‐ Vertical acetabular diameter [20] 
 
Error estimation 
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Error was estimated using technical measurement error (TEM), relative TEM (rTEM) 
and coefficient of reliability (R) of the measurement.  
 
Validation of DSP2 software 
Measurements were inserted in the DSP2 software and posterior probabilities were 
calculated automatically. The data were inserted in Excel for further analysis. 
 
Data analysis 
Variables were tested for normality and equal variances between the two groups (males 
and females) and parametric and non-parametric tests (e.g. ANOVA, Wilcoxon test) 
were used to explore if there are statistically significant differences between the sexes.  
Univariate and multivariate discriminant function analysis was used to create 
population specific formulae for the Greek population. Posterior probabilities for 
correct classification were estimated. 
Statistical analysis was carried out using SPSS 24. 
 
Results 
Error estimation 
Intra-observer error was estimated using technical measurement error (TEM), relative 
TEM (rTEM) and coefficient of reliability (R) of the measurement. The results are 
illustrated in Table 1. 
Table 1 here 
 
Univariate statistics 
Descriptive statistics of the 10 measurements and univariate differences between the 
sex groups are shown in Table 2. All variables were found significantly different 
between the sexes at the level of p< 0.01 with the exception of Sa that did not show 
statistically significant mean differences between the sex groups. Univariate 
discriminant functions were created and demarking points were calculated for each 
variable. Variables that presented over 80% overall classification accuracies are 
considered of forensic importance. These were Ismm, Spu,Dcox and Veac. Ismm 
exhibited the highest accuracy (86.4% for males and 85.9% for females) for both 
original and cross-validated data. 
 
Table 2 here 
 
Multivariate Discriminant Functions 
Discriminant function analysis was conducted for different sets of variables. F1 used all 
variables for comparative purposes with the DSP2 analysis. F2 used all statistically 
significant variables (all except Sa) and F3 used a stepwise procedure for selecting the 
best variables for the estimation of sex. Stepwise procedure selected four variables, 
namely Pum, Spu, Iimt and Ismm. A forth function F4 was created using the four best 
single variables in terms of accuracy (Ismm, Spu, Dcox and Veac). All function 
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coefficients are presented in Table 3. Sectioning point is set to zero in all cases. 
Classification accuracy is also presented for both original and cross validated data. The 
best classification accuracy for cross-validated data is achieved with stepwise 
procedure (F3, 93.5%). 
 
Table 3 here 
 
Posterior probabilities of correct classification were calculated using DSP2 and 
Functions F1 to F4 that were developed for the Cretan sample. DSP2 classified 85.7% of 
the sample with over 95% posterior probability (PP) of correct classification. Of the 
cases classified with over 95% PP only 3 (2.6%) were misclassified. (Table 4). The 
number of misclassified cases is 3 individuals both using DSP2 and using Function 1. 
Misclassification increases for F3 and F4 which are the functions using only 4 variables.  
Table 4 here 
Posterior probabilities (PP) of correct classification using DSP2 and F1-F4 for 95 
individuals are illustrated in Figure 1. The number of cases is selected with the criterion 
to be able to compare all functions which means that some fragmented os coxae (not 
possible to calculate F1 and F2) were excluded. In general DPS2 gave very good results 
similar to the F1 and F1 functions. In two cases (case 77 and 89) DPS2 gave 
probabilities less than 95% but F1 and F2 classified these two cases with over 95% 
probability of correct classification. On the other hand three cases (85, 86, 87) failed to 
pass the threshold of 95% probability using F1-F4 functions but DSP2 classified them 
correctly with over 95% probability of correct classification. 
Figure 2 illustrates a plot of the discriminant score for functions F1-F4 against the 
corresponding posterior probabilities of correct group membership. For example if 
F4>1.2 the unknown individual is assigned as male with over 95% probability of correct 
classification. Please note that DPS2 does not provide the discriminant scores to the 
user thus the values could not be included in Figure 2. 
 
Discussion 
Methods to estimate sex from skeletonised remains vary significantly in skeletal 
element, statistical approach and sample selection. Scholars agree that pelvis is 
consistently different between males and females with a special shape of the female 
pelvis to facilitate birth [1,7]. Metric sex estimation methods have proven to be 
population specific which means that in order to use them one must know the ancestry 
of the unknown skeletal remains. This however is rarely the case in skeletonised bodies 
especially in the new era of globalization [23,24]. Likely the dimensions of the os coxae 
are significantly different between males and females in every population that is so far 
studied. This study explores sexual dimorphism of the pelvis in a Greek population and 
the applicability of DSP2 software in sex estimation. 
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DSP2 software used 10 variables and DFA statistical method to infer sex from 
unknown skeletal remains. As already shown in the original publication concerning DSP 
[25], the reference dataset meets the assumptions of normality and equality of 
covariance matrices. The selection of different variables gives different classification 
results with the best combination of variables to achieve 90% accuracy with over 95% 
probability of correct classification. A sample of 133 os coxae from the Cretan collection 
[26] was used to validate DSP2. Nine out of ten variables were found to different 
significantly between the sex groups. Classification accuracy using DSP2 software with a 
95% probability threshold reached 85.7%. This is slightly lower than the validation 
study of DSP2 by Brůžek and colleagues [1] who reported 90% accuracy for a mixed 
sample of individuals of US and Swiss ancestry. The data was further analysed and four 
discriminant functions were produced for the Greek sample. F1 used all ten variables 
and resulted in 87.6% classification accuracy at the 95% probability threshold which 
means and population specific formulae improved the accuracy by only 2%. This 
improvement is not significant and it was somehow anticipated since the accuracy is 
based on the original sample and not on a validation sample. It is worth noting than in a 
few cases where DSP2 was inconclusive giving estimates with less than 95% probability 
of correct classification, the population specific formulae classified it with over 95% 
probability. 
The results clearly indicate that pelvic morphology is consistently different 
between males and females across populations as proposed by other studies[1,7] and 
confirm the suitability of sex for the Greek population. Previous studies on the pelvic 
morphology in Greeks have also detected sexual dimorphism in the pelvis, os coxa and 
sacrum with the os coxa using a different set of measurements[27]. The authors indicate 
that classification accuracy of the os coxa can reach 95.4% but they do not calculate the 
accuracy at the 95% probability threshold. The study also concludes that the entire 
pelvis is less accurate than the os coxa and suggests it is not worth any time and effort 
to articulate and measure the pelvic girdle. A second study on the pelvis examining the 
morphological features of the surface and the shape of the greater sciatic notch on the 
same skeletal sample gave poor results [28]. Other studies of sexual dimorphism on the 
Greek population that calculate accuracy at the 95% probability threshold involve the 
cranium[26], the humerus [3], the tibia [4,29] the scapula and clavicle [30]. Both cranial 
and postcranial elements present higher overlapping between the sexes compared to 
the os coxa resulting in significantly lower accuracy with 95% probability of correct 
classification. For example the best function of sex estimation for the tibia can reach this 
threshold only for 44.6% of the sample[29].  
Taking into account the better performance of the pelvic bone in terms of 
accuracy at the 95% probability level and the fact that the method is non-population 
specific as proven in this study we recommend the use of DSP2 as a method of choice in 
sex estimation of unknown skeletal remains. Other methods should also be applied if 
available but if the ancestry of the individual is questionable the results of the pelvic 
assessment using DSP2 should bear more weight in the final sex estimate. In cases that 
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ancestry is reliably assessed, population-specific methods should supplement DSP2 to 
increase the reliability of the estimate. 
 
Conclusion  
Sexual dimorphism of the pelvis is non-population specific and DSP2 software is 
deemed appropriate for sex estimation in a Greek sample reaching 85.6% accuracy with 
over probability of correct group assessment. DSP2 is highly recommended as method 
of choice in estimating sex from unknown skeletal remains. If ancestry is known it 
should be complemented with appropriate population-specific studies. 
 
Conflict of interest 
The authors declare no conflict of interest 
 
 
 
  
Page 8 of 12 
 
Bibliography 
[1] J. Brůžek, F. Santos, B. Dutailly, P. Murail, E. Cunha, Validation and reliability of the 
sex estimation of the human os coxae using freely available DSP2 software for 
bioarchaeology and forensic anthropology, Am. J. Phys. Anthropol. (2017) 440–
449. doi:10.1002/ajpa.23282. 
[2] G.C. Krüger, E.N. L’Abbé, K.E. Stull, Sex estimation from the long bones of modern 
South Africans, Int. J. Legal Med. (2017). doi:10.1007/s00414-016-1488-z. 
[3] E.F. Kranioti, M. Michalodimitrakis, Sexual Dimorphism of the Humerus in 
Contemporary Cretans—A Population-Specific Study and a Review of the 
Literature*, J. Forensic Sci. 54 (2009) 996–1000. doi:10.1111/j.1556-
4029.2009.01103.x. 
[4] E.F. Kranioti, M.A. Apostol, Sexual dimorphism of the tibia in contemporary 
Greeks , Italians , and Spanish : forensic implications, Int. J. Legal Med. 129 (2015) 
357–63. doi:10.1007/s00414-014-1045-6. 
[5] A. Kotěrová, J. Velemínská, J. Dupej, H. Brzobohatá, A. Pilný, J. Brůžek, 
Disregarding population specificity: its influence on the sex assessment methods 
from the tibia., Int. J. Legal Med. 131 (2017) 251–261. 
[6] D. Franklin, P. O’Higgins, C.E. Oxnard, I. Dadour, Discriminant function sexing of 
the mandible of Indigenous South Africans, Forensic Sci. Int. 179 (2008) 84.e1-
84.e5. doi:http://dx.doi.org/10.1016/j.forsciint.2008.03.014. 
[7] M. Steyn, M.L. Patriquin, Osteometric sex determination from the pelvis—Does 
population specificity matter?, Forensic Sci. Int. 191 (2009) 113.e1--113.e5. 
doi:10.1016/j.forsciint.2009.07.009. 
[8] S. Washburn, Tools and human evolution., Sci. Am. 203 (1960) 3–15. 
[9] L. Betti, A. Manica, Human variation in the shape of the birth canal is significant 
and geographically structured, Proc. R. Soc. B. (2018) 285: 20181807. 
[10] B. Esteve‐Altava, In search of morphological modules: a systematic review., Biol. 
Rev. 92 (2017) 1332–1347. 
[11] M. İşcan, M. Steyn, The human skeleton in Forensic Medicine, 3rd ed., CHARLES C 
THOMAS, Springfield, Illinois, 2013. 
[12] K. Blake, K. Hartnett-McCann, Metric Assessment of the Pubic Bone Using Known 
and Novel Data Points for Sex, J. Forensic Sci. 63 (2018) 19–21. 
doi:10.1111/1556-4029.13732. 
[13] Sánchez-Mejorada, G., J. Gómez-Valdés, P. Herrera, P. Veleminsky, J. Bruzek, 
Valoración del método de diagnóstico sexual probabilístico (DSP) en una 
colección osteológica mexicana., Estud. Antropol. Biológica. 151 (2011). 
[14] T. Chapman, P. Lefevre, P. Semal, F. Moiseev, V. Sholukha, S. Louryan, et al., Sex 
determination using the Probabilistic Sex Diagnosis (DSP: Diagnose Sexuelle 
Probabiliste) tool in a virtual environment, Forensic Sci. Int. 234 (2014) 189.e1-
189.e8. doi:10.1016/J.FORSCIINT.2013.10.037. 
[15] G. Quatrehomme, I. Radoman, L. Nogueira, P. du Jardin, V. Alunni, Sex 
determination using the DSP (probabilistic sex diagnosis) method on the coxal 
bone: Efficiency of method according to number of available variables, Forensic 
Sci. Int. 272 (2017) 190–193. doi:10.1016/J.FORSCIINT.2016.10.020. 
[16] M.P.S. Machado, S.T. Costa, A.R. Freire, D. Navega, E. Cunha, E. Daruge Júnior, et al., 
Application and validation of Diagnose Sexuelle Probabiliste V2 tool in a 
miscegenated population, Forensic Sci. Int. 290 (2018) 351.e1-351.e5. 
doi:10.1016/J.FORSCIINT.2018.06.043. 
[17] S. Mestekova, J. Bruzek, J. Veleminska, K. Chaumoitre, A Test of the DSP Sexing 
Page 9 of 12 
 
Method on CT Images from a Modern French Sample, J. Forensic Sci. 60 (2015) 
1295–1299. doi:10.1111/1556-4029.12817. 
[18] A. Rodriguez Paz, J. Banner, C. Villa, Validity of the probabilistic sex diagnosis 
method (DSP) on 3D CT-scans from modern Danish population, Rev. Médecine 
Légale. 1776 (2018) 1 YP-39. 
doi:http://dx.doi.org/10.1016/j.medleg.2018.08.002. 
[19] E.F. Kranioti, M.Y. İşcan, M. Michalodimitrakis, Craniometric analysis of the 
modern Cretan population, Forensic Sci. Int. 180 (2008) 110.e1-110.e5. 
doi:http://dx.doi.org/10.1016/j.forsciint.2008.06.018. 
[20] G. Brauer, Osteometrie, in: R. Knussmann (Ed.), Anthropol. Des Vergleichenden 
Biol. Des Menschen, Gustav Fischer Verlag, Stuttgart, 1988: pp. 160–232. 
[21] J. Gaillard, Determination sexuelle d’un os coxal fragmentaire, Bull. Mem. Soc. 
Anthropol. Paris. XIe Serie (1960) 255–267. 
[22] F.P. Schulter-Ellis, D.J. Schmidt, L.C. Hayek, J. Craig, Determination of sex with a 
discriminant analysis of new pelvic bone measurements: Part I., J Forensic Sci. 28 
(1983) 169–180. 
[23] E.N. L’Abbé, M. Steyn, The Establishment and Advancement of Forensic 
Anthropology in South Africa, A Companion to Forensic Anthropol. (2012). 
doi:doi:10.1002/9781118255377.ch30. 
[24] M.A. Tersigni-Tarrant, N.R. Shirley, eds., Forensic anthropology: an introduction., 
CRC Press, LLC, n.d. 
[25] P. Murail, J. Bruzek, F. Houët, E. Cunha, DSP: A tool for probabilistic sex diagnosis 
using worldwide variability in hip-bone measurements, Bull. Mem. Soc. 
Anthropol. Paris. 17 (2005) 167–176. 
[26] E.F. Kranioti, M.Y. Iscan, M. Michalodimitrakis, Craniometric analysis of the 
modern Cretan population, Forensic Sci. Int. (2008). 
doi:10.1016/j.forsciint.2008.06.018. 
[27] M. Steyn, M.Y. İşcan, Metric sex determination from the pelvis in modern Greeks, 
Forensic Sci. Int. 179 (2008) 86.e1--86.e6. doi:10.1016/j.forsciint.2008.04.022. 
[28] J.H. Bonczarowska, A. Bonicelli, A. Papadomanolakis, E.F. Kranioti, The posterior 
portion of the ilium as a sex indicator: A validation study, Forensic Sci. Int. (2018). 
doi:10.1016/J.FORSCIINT.2018.10.031. 
[29] E.K. Kranioti, J.G. García-Donas, P.S. Almeida Prado, X.P. Kyriakou, H.C. Langstaff, 
Sexual dimorphism of the tibia in contemporary Greek-Cypriots and Cretans: 
Forensic applications, (2016). doi:10.1016/j.forsciint.2016.11.018. 
[30] V.A. Papaioannou, E.F. Kranioti, P. Joveneaux, D. Nathena, M. Michalodimitrakis, 
Sexual dimorphism of the scapula and the clavicle in a contemporary Greek 
population: applications in forensic identification., (2012). 
doi:10.1016/j.forsciint.2011.11.010. 
 
Figure legends 
Figure 1. Posterior probabilities of correct classification for DSP2 and F1-F4 for the 
Greek sample. 
Figure 2. Posterior probabilities (Y axis) of the Greek formulae F1-F4 and the 
corresponding discriminant scores (X axis). 
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Figure 1 
 
 
Figure 2. 
 
Table 1. Inter-observer error estimated using the Technical Error of Measurement 
(TEM), the relative TEM(rTEM) and the coefficient of reliability (R). 
 TEM rTEM R 
Pum 0.35 0.48 0.99 
Spu 0.29 1.07 0.98 
Dcox 2.85 1.36 0.93 
Iimt 1.51 3.54 0.94 
Ismm 0.98 0.88 0.97 
Scox 0.31 0.20 1.00 
Ss 0.66 0.90 0.97 
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Sis 0.86 1.07 0.99 
Veac 0.99 2.55 0.91 
Sa 0.62 1.05 0.97 
 
Table 2. Descriptive statistics, demarking points and classification accuracy for single 
variables. 
Descriptives   
Demarking 
point 
% Classification Accuracy 
V  sex N Mean SD 
p-
value 
Original LOOCV 
Ismm 
M 66 113.95 4.96 
<0.001 108.75 
86.4 86.4 
F 63 103.55 5.16 85.9 85.9 
Spu 
M 66 28.45 2.19 
<0.001 26.60 
81.8 81.8 
F 64 24.74 2.12 84.6 84.6 
Dcox 
M 66 212.73 9.78 
<0.001 204.93 
81.8 80.3 
F 64 197.13 8.33 84.6 84.6 
Veac 
M 67 59.64 3.71 
<0.001 56.80 
76.1 76.1 
F 63 53.96 2.87 85.9 85.9 
Pum 
M 62 70.79 3.82 
<0.01 71.87 
61.3 61.3 
F 51 72.79 4.18 67.3 67.3 
Iimt 
M 63 39.56 4.56 
<0.001 41.84 
69.8 69.8 
F 63 44.26 5.01 70.3 70.3 
Scox 
M 62 156.15 7.11 
<0.001 153.87 
61.3 61.3 
F 58 151.48 6.59 55.9 55.9 
Ss 
M 68 74.95 4.26 
<0.001 71.50 
75.0 75.0 
F 63 68.00 3.96 78.1 78.1 
Sis 
M 62 41.13 3.11 
<0.001 77.60 
75.8 75.8 
F 62 36.52 2.61 77.8 77.8 
Sa 
M 67 76.57 4.78 
0.127 77.37 
61.2 61.2 
F 63 78.06 6.23 50.0 50.0 
 
 
 
 
 
 
Table 3. Multivariate discriminant functions and classification accuracy for original and 
LOOCV data. 
Variables F1 F2 F3 F4 
Pum -0.148 -0.158 -0.160   
Spu 0.200 0.205 0.229 0.235 
Dcox 0.004 0.004  -0.026 
Iimt -0.074 -0.082 -0.090   
Ismm 0.162 0.168 0.168 0.155 
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Scox -0.010 -0.016    
Ss 0.059 0.041    
Sis 0.042 0.042    
Veac -0.051 -0.049  0.053 
Sa -0.035     
Constant -8.540 -9.033 -9.112 -20.818 
% Classification Accuracy 
Original 
Males 96.2 94.3 94.7 90.6 
Females 97.8 97.8 94.0 87.3 
Total 96.9 95.9 94.4 89.0 
LOOCV 
Males 92.5 94.3 94.7 90.6 
Females 91.1 91.1 92.0 87.3 
Total 91.8 91.1 93.5 89.0 
 
Table 4. Posterior probabilities of correct classification for DSP2, and functions F1-F4. 
 >95% PP >50% PP 
 *Sex rate *Accuracy Error Accuracy Error 
DSP2 117/133 88.00% 114/117 97.43% 3/117 2.57% 130/133 97.70% 3/133 2.30% 
F1 88/98  90.00% 86/88  97.73% 2/88 2.27% 95/98 96.90% 3/98 3.60% 
F2 87/98 88.78% 85/87 97.71% 2/87 2.29% 94/98 95.90% 4/98 4.10% 
F3 91/107 85.10% 91/91 100 % 0/91 0 % 101/107 94.40% 6/107 5.60% 
F4 69/127 54.33% 67/69 97.11% 2/67 2.89% 113/127 89% 14/127 11% 
 
*Note that for this table we followed the definitions of the original publication for 
consistancy :% sex rate: percentage of specimens for which the sex is estimated 
(p ≥ 0.95); “% accuracy”: percentage of specimens correctly determined. 
 
